




Pa rt 1 what is corrosion ? 



Corrcaitn in a famii-ai asp^JL 
This bumi nuc v.ti will 
nvnrtfunliv ni^t nwr. cjdt." 






A Cfir h oil I CS '• it i=. carefully looked after. soon develops 
patches pf rust on the bodywork. Stlfcr spoons atwl fotk?. musT 
be. poJjslied frequently to prevent tarnish on them. GoppeF 
steeples and bronze Statues become COSied Wl til a gjceny-hlue 
film. Stone naccfies on city buildings are slowly eaLcn away. 
Reactions of this kind -reactions of substances with the armo- 
Spkefe or whaccvei the surrounding environment may be - 
arc called corrosion. You have certainly seen corrosion. It is 
going OJLl around you all rhe time. In this hook, we are con- 
cerned with the commonest kind of corrosion, the corrosion 


of metals. Er has been estimated chat metallic ooirosinn and 
iLs prevention cus-L? this Country over HOC million pounds a 
year, nr about £]Q fen each member of the papulation. 

There arc several thing’s that can be don* It) prevem COT’ 
ms ion. The surface of the metals can be covered with a pro- 
tective barrier 'furcxampJc paint} t the properties of IbemeiaEs 
ctn he modified (by, for cample- alloying rhem with another 
Jess reactive substance) j or their environment can be changed 
with sustahle chemicals. Before looking at methods nf 
prevention, first we must see how corrosion happen 1 !;. 





how corrosion happens 


An d*mi on micrograph avowing 
I no tarmucinn . i .in pfcir.g Ii n 
on ch€ : ti^daca Of iun-nniurn 
nc-lns ( ManniriLSli-jn "ClS.OOOt. 


Snafitirry o/ wifjtrir - How cstcegsios takes pUcc can be tfudled 
in the Earths crust. If you were n> dig in the right place and 
if yoLt dug carefully enough, you might find a nugget of gold 
OF a lump Lif silver. Hut however hard you looked you 
wouldn’t tied any aluminium or chrOttHOm OF titanium or 
sodium. The.se meals, and ulmosE alt others, exist in nature 
only a* compounds. They are Cumbifled wirh c]i elements 
as oxygon u'id sulphur* apd the compounds So toFined arc 
more stable than the mcLals themselves. 

Before any use can be made of chc metals, they must be 
extracted from their compounds J liic compounds must he re- 
duced hy healing rhem with carbon (usually coke; ur by 
ing an electric current through them. How £V£1- oucc □ meial 
h.i^ been exu acted and has been shaped into a Car body or 
the bull of a ship or u drain pipe or whatever it may be 3 there 
is always a sendenyy for rhe mctaS to ecvcfe back io one of its 
more stable com pound* - or, another WOrdSn CO COtmdc, 

Glide films - The most obvious, if least cfcuuaglug n *ind of 
coFFOAinn i* direct oxidation nf a metal by the oxygen in the 
air. The result of this reaction i* to form a film of ovjdc on 
the metal surface- Ar Tf>nm remperaEure almost aU mtftsLs 
(gold and platinum art- cicepLions) are covered with a him of 
oxide, With such me mis a=. aluminium., mrkel, and zinc, the 
film seldom grows to more than 100 ing&trtims fhkk 3nd is 
therefore invisible, but this is enough to pievenr furt her oxi- 
dation. With such metals as magnesium* sodium, and e-Jldum a 
rhe oxide film tends to crack, rhU-S cvpoF.mg the metat under- 
noath and so allowing progressive corrosion deep be low the 
surface. Of these metals* only magnesium i of inipnnance to 
engineering- On some common me tab such -i-.- iron -.inJ cop- 
per die OXlde fibns arc protective at room temperature out 




dkrnpT as rtic ranperaiiire increases. Alloying the iron wjth 
cfaromiuna or the capper with alumlnimn Citi protect these 
metaSs against direct mudati&ti bemuse the chromium and 
aluminium form: a more stable coai i rig rvf o*idc, 

Uut crjfTosiLvn Is far TOO wLdtopn^ to be explained by 
dircCL oaddadon alone* because eofTftMon is much more severe 
where mcraJs PL'C impure, where two different imcrals are ifl 
COniaCL! yrnd Where moisture tn pre^nFr A car* fur example, 
rusts much moic quickly if ills left in the rain than if it i> kept 
in a- garage. 


MVilh LA*. Ui j r“r“nL melflln 
dipping into W al9Ctrtf*yto. 
ttare r > a diKurwc-i »n de^bi^al 
potent ;il between thnm The 
n.igniTs too of ih>- difference 
dapeoiiJti On Cht Lw-:i mplsls 
and ton fflfFlrolylff As this 
■■'oItioh-. si«swsv rha p-m^t n-al 
diffe'ari-ib between iinr nnn 
copper in nndium chloride 
sdulioo IE /Cti mill vOlEfi. 

W/f.-Aai 1 Lid 


niecirnchamcal common - The most damaging Vi n 4 of corro- 
sion results from electrochemical attack on the metal. Atypical 
clrarical cell consists of two electrics (often two diner- 
cm metals} immersed in a liquid electrolyte such as water. 
If rhe electrodes arc fnined by a substance Thar will conduct 
electricity (usually a metal wire),, electric current flows along 
it ftom one electrode to ihc other, Ai the anode, the electrode 
substance loses elections (oxidation) and passes into the eiec- 
tiulrle as tons. At the cathode, ions present in rhe electrolyte 
pick up electrons (reduction) to become free atoms. Thus 
the anode of the cell is slowly eaten away. 

This is what happens in electrochemical corrosion. Al- 
though welt-DQRStruLlrii electrical cell* such as we use in the 
laboratory do aoT exisT on the surface of a piece of metal., we 
can envisage a number of crude cells being formed there, 
Water, either front the atmosphere or from the tea nr river if 
the metal is submerged;, Forms the electrolyte. Where two 
different metals arc in contact, these two metals form the 
electrodes. Which metal is the anode, and is therefore eaten 
away, and which the cathode, depends very largely on the 
positions of the two metals in the eLeclrocticmicaL series. This. 
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in LurQj depends «>ti Lhc relaUi't *sa££ with which Lhe metals 
lose clccrron& (arc oxidired) or gain electrons (.ate reduced), 
l or example,, lead waLei piping bs joined Co an iron storage 
tank, Lead Is lower in The electrochemical series than iron, 
and therefore the lead piping forms the cathode and the 
iron tank the anode. It is the lion rank which corrodes- Jton 
is lower in the electrochemical series than zinc, and if there is 
a creek in the zinc coating of a galvanized non roof, it is the 
zinc which corrodes, not the iron, The further apart the two 
metals are in rhe electrochemical saies» the greater is The 
potential difference of Lhe cell and the mure damaging is the 
corrosive .mack. 

The order of some metals in the elecifechcmical scries: 

podium 

Magnesium, 

Al amhihrfti fr 

Titanium 

Zinc 

IrOU 

Niticl 

Tin 

Lead 

Copper 

SLU'Cr 

PEatltram 

Gold 

Tlic severity of corrosion is also influenced by The electro- 
lyte. Distilled water i s only a very weak electrolyte und mends 
hardly corrode id it. Bur The moisture in the air usually con- 
cilia.', substances such as carbonic acid and, in places near the 


sea, sndmm chloride. Ad die substances, in particular, acceler- 
ate Corrosion. Because of the presence in the atmosphere of 
The acidic gas sulphur diomjde. iron may corrode four times as 
quickly, and zme six limes as quickly, LQiIusliial ureas as 
in country tiisTf lets. MeratR that are submerged beneath the 
sea -for example, shipfc* hulls nr jetties - are also exposed tu 
corrosive snack liom dissolved sails. 

The action of a typical corrosion cell sec up between two 
metals is, shown in the following example. Iron plates on a 
ship's hull are fastened with copper rivets. Iron is higher in 
the electrochemical series than cupper and therefore forms the 
anode (see diagram below), Sodium chloride solution (or the 
sea) forms the electrolyte. 

J. Electrons («“) travel from the anode to the cathode by the 
cxTcrrual circuit which is the medal or oxide dlmhcnvcen the 
two separate electrode areas-. 

2 . Iron goes into solution as cations [Fe 1 ^ leaving elections 
behind. 

j. Cations already in solution (IT and Ma ' ) migrate to- 
wards the cathode where hydrogen ions combine wirli elec- 
trons Had are discharged as hydrogen pus. 

4 . Anions already present In solution (OH and Cl - } 
miniate towards the anode- and arc discharged no encounter- 
ing Fe^ ions to give if on (II) chloride and iron (11) hyd- 
roxide, as follows: 

Pc 2 " + 2C1 - £ FeOj 
Fe 34- -|- 20H- — Fe(OH)j l 

Iron (II) chloride i? soluble in water and dissociates to form 
iron (I I) and chloride inns. Iron (II ) hydroxide forms a solid 
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PhEfiolph(hilein and paiaaaium 
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ptecipiisree whi ch reacts wirh njjygen to farm a imxruTe of iron 
enmpeuneb, mainly such hydrated uiidfS its FejQjEUO. 
Thtse iron oxides arc collectively (mown as rust. [t will he 
noticed that lJv-j cuncrnLriiLion uf sodium chloride in solution 
remains the same and Thus a smalt quantity of salt can keep on 
attacking ihe metal anode without losing -vLieQgTh, 

If CCKtoeion of this kind were allowed m proceed uncheck- 
ed, the ship's pklcS would be slowly CJKJ) (TWffly - although, 
as explained u l the caption on page H, the corrosion is less 
damaging this way than if the plates were made of copper 
and The rivets of iron, Careful choice must he made of rivctting 
metals, and periodically ihipi min L go into dry dock CO have 
ihsir hulls protected with n com of paint , 

Ek. <roc hem ical rurroiidn tf/ a single mciat - The formation of 
an cleat ica[ cell where two different metals are in conLai.1 is 
noL JsiFcL-ulL to umkrsiaml. Ye? metals oti corrode without 
sncli contact and far more severely chan can he explained by 
direct oxidation. Thfo is because it is possible for both cath- 
odes. ,ind anode*: to be present on the same piece uf meLil. 
There are several explanations There may be smpnrido or 
6 




Crdv-St L-^mEmr whc-ro r- rpp-«i -il 
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j'fl-fLVniT^rJrlm 1 AiVil’,W I '■J. 


alloying elements itl the metal ; il pulentiuS difference between 
the pure metal and its made film roughness Of Strains in the 
ewtsl ; ur, as is shown here, iliETeiences- in Lhe concentration 
□f oxygen at separate areas of the metal , 

The following experiment shows chat electrochemical cor- 
rosion nf a si ngie metal can occur. To a few mil Ulicres oi'N; 10 
sodium chloride solution an? added one drop of phetwil- 
phlhalcin rndicator and one (Stop of potassium ittricyumde. 
'V single drop of this solu tion is pipetted onto a piece of clean 
steel plate. Ac the surface of the drop, oxygen from the air can 
dissolve easily in the solution, but at the centre nf the drop 
oiyjtcn cannot penetrate directly. Therefore there is a differ- 
ence of oxygen concentration in the drop and a ‘concent rat ion 
cell 1 * is set up in which rhe area where there is most oxygen 
(rhe surface) forms the Cathode and the area where there is 
least oxygen (the centre) forms rhe anode. Evidence for this is 
the flppeunce of U patch of bine af the centre nf ifte drop, 
where the potassium faricyanMe reacts to give a characterise 
1 LC blue colour with iron (II) ions passing into solution from 
the anode* and ihc appearance of the red coloration at the 
surface of the drop* where the phennlphrhalcin reacts with 
the hydroxyl ions at rtlC cathode. After ubouL half an hour, an 
area of yellow rust begins to show between the centre and the 
surface. Concentration cells of this kind, stemming from 
differences in oxygen concentration, arc particularly damag- 
ing in crevices in metals Where Water collects , for the oxygen 
concentration tends to be much higher at the top of die 
crevice chan at the bottom. 

Extenl of corrosion - As with oxide films, the products of elec- 
trochemical corrosion can form u protective coating over rhe 
metal which prevents further attack, But usually they are 
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pfcwntcd from damp this beCEkise they dissolve in the elec- 
trolyte en art washed awjlf. or because They arc prcqspdtnttd 
Ln the '.face between the anode smd the ealliode llnd So CyrtmH 
affecL ip.L- reaetiofl. 

Indeed, | jhr cormsicn pruduCLH reduce the area os' Lbe 
a nodi' with-uul dffittiqg il completely, the result can he fa? 
itroxe dani^n^. Far the reaedtm is in bn way dimiEi-dieJ bui 
become;, COndentrJltd GO a nmeh smaller area. Tills leads to 
ns n ;Tig o+ die rncral which weakens it larmGrt: than if [he COi- 
niMcm in sprejld tlliJlly OTO*lftigc srea, 
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how corrosion is prevented 


A number of fanciful methods of preventing corrosion have 
been proposed at one time or another, You may remember 
that ofLewis Carroll Y White Knight! 

J I beard him then for 1 had just 
Completed my design 
To stop the Mena i Bridge firm rust 
By boiling it in wine. 1 

The methods in use vary according to ci rnimstance. f he kind 
of moral to bo protected, the object into which it is made (a 


geflr wheel or a bn i ! ding support), the environment in which 

it will operate, and the object's economic worth - all these 
haw to b* taken into account. At the beginning we Listed 
three common methods of prevention. Let us Look at these in 
more derail. 

Modifying u mrioFs property - The first completely reliable 
stainless steel was made by Michael Faraday over a hundred 
years ago. No made alloys containing large amounts of 
platinum. Platinum is a metal that does not Corrode but 
which is usually fai too expensive to use in alloys. Nowadays 
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^[4;el is protected aj^diriF.t corrcmoii by afluym£ it with very 
small quantities; of certain mcills or with much, larger quan- 
tises Dt a metal such as chromium that J oii'i'- a Elm which is 
resistant to uii des. 

The choice ft alloying metal depends very largely On the 
environment. In acid conditions,. silicon and molybdenum 
help CO resist corrosion. In alkaline conditions, magnesium 
and nickel should be used. But (he choice of alloy ing metals 
muse be made carefully because, as we have teen, two differ- 
eot metals in Contact with each fit ha can bring oo corrosion. 
The Strength nf aluminium can be greatly i ncreuS&d by alloy- 
ing it with magnesium Or with copper, Hur magnesium is 
generally preferred because alloys of aluminium and copper 
corrode far more easily. Aluminium magnesium alloys are 
often used K) build light high-speed naval craft. (Fur further 
details of metal alloys see the Background Book, Metaii.) 

Modifying the HiwflrwniJtf vf mtltik - In aqueous Miutions 
(LhuUgh not in a huge body of water like the sea) the addition 
of suitable chemicals can sometimes stop the functioning of 
either the anode Ot the cathode in currosave cells. These 
10 


chemical;, include sodium hydroxide, sodium carbonate, 
certain phosphates, an J sodium chnsmate. Where OOrrOSion 
is dor to differences in oxygen concentration in a solution, 
this can be cured by heating the solution or by flushing out 
the oxygen with a gas such as nitrogen. 

In the atmosphere, electrochemical corrosion can be re- 
duced by keeping the surrounding air as dry as possible, 
either by reff Lgcrating the air or by pas&ihg it through A sub- 
stance such as quicktsfrtc flwt will absorb water. Volatile 
organic chemicals, called vapour phase inhibitors, are some- 
times used to envelop loosely sealed rnetal articles m a pro- 
tective atmosphere.. 

Protective barriers - Oocrusiun starts As an attack OjlI tllC sur- 
face of A mctaL By covering the surface with a suitable pro- 
tective, corrosion can be prevented. As we have seen such 
metals as aluminium and chromium provide their uwu pro- 
tection by funning A resiSLAnl oxide lilm, These merals are 
used to provide protective coatings on other mends. Iron is 
frequently Coated with zinc. If rhe coatipg is scratched, the 
Ztnc corrodes in. preference to the iron beneath And thereby 
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protects it (scc'CaTbodicproteciiun 1 below and page 1 2). Such 
metals as gold, silveT, and platinum Can also be uS-td as pro- 
tective coatings but tjn is the coating we knew beat on cans 
and kettles, These metals strongly resist corrosion, although, 
as the blackening on silver-plated egg spoons suggests, silver 
tarnishes easily in Lhe presence of sulphur compuunds. With 
these meralsj since they arc low in The electrochemical scries, 
it is important Lhat there should be no snatch in the Coating, 
otherwise corrosion of rhe underlying mc&l is likely to be 
very severe. The metal coaling, are applied by dipping, by 
spraying, or more commonly by electroplating, 

The most usual way uf protecting a metal surface is to 
cover it with paint, (For information about paints, see the 
Background Book, Colour.) The first ctsat of paint is usually a 
primer which is not rctisranr to moisture but inhibits cor- 
rosion once moisture has penetrated. The mure coats you put 
on, the mure resistant In gurmsfon the metf] will be. But the 
trouble with paint is that il dues nut last fur ever and, once it 
start* to wear away, rhe metal must be repainted. Otherwise 
corrosion win Stare. The painting of the metal girders of the 
Forth Railway Bridge never stops: it takes several years to 
complete ami as soon as the painters have finished they must 
start again at the beginning. Plastics are EDOrft durable but 
more expensive protective*. Warships are 'coconned' in 
plasttcs when they a rc put into storage. 

For temporary protection, metals are nfren covered with a 
water-resistant film nf oil or grease. These QLtns can be re- 
moved will] suitable solvent* ur by wiping with a cloth. 

Cathodic protection - Tins is an important method of prevent-* 
ing corrosion, which is mentioned briefly above. In 1324 Sir 
Humphry Davy suggested to the Admiralty that the cormsinn 
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T&t battle ig&nst WTTQBm - Wc have seen that, Although cor- 
rosion is usually eleorochemical in trs nature, ir can result 
trur'il a number of causes - Irum two different metals in Con- 
tact. differences. Ln OJiygffli concentration, impuricie?. in the 
meLal, etc. There are other factors we haw not considered : 
temperature for esitaipie. At tdJlJienJtra above 70't':, the 
polarity between zinc and iron is reversal: iinc fomls tliC 
cathode and iron the anode, and Therefore galvanized iron is 
restricted id its uses to the temperatures below 70 P C. 
Demands made on metal? by modern engineering create their 
own corrosion problems. A cumosinn problem that proved (.0 
he a particular headache was t hat of die condensers in ships 1 
boilers. These condensers consist of a nSsL, of tubes about 
tweive to twenty feet long and rhtpc-^uaneis of an inch in 
diameter, Cold sea-water is circulated through The tubes and 
exhaust steam from the ship*? boiler is passed over them: the 
steam condenses to pure water and the Water is returned to 
the boder to generate more steam. Corrosion of the tubes 
which, in a steamy atmosphere with sea-wawt running 
through them, is Likely TO be Tory rapid, leads to sea-water 
leaking into the boiler and corroding (hr whole works. 


During the First World War, the COtldouscr tubes in 
naval vessels were made of brass, and then: average life was no 
jnore than about three lu six mouths. The vessels then had pn 
limp baclt 10 port, suffering from what was commonly called 
'Citndensenris'. By the lime the Second World Wit came 
round, tho use of improved alloys had prolonged the life of 
These tubes for up to seven years Aral nowadays, with the use 
of an alloy containing 70 per cent copper, 28 per cent nickel, 
,mri JihoLit 1 per cent each of iron and manganese, they will 
lasLUp lo twenty years. Their resistance tnconosinn has been 
further i mpioved" by filling the »ca-water entries with Poly- 
thene! insets 10 protCCT the metal against the turb ideal. (low of 
[he water. The turbulent, as opposed to die Streamlined, flow 
ofliiiuid along a pi |X‘ causes what is known as cavitation cor- 
rosiem: blisters arc formed which, on collapsing:, peel away 
protective films and expose smalt area* of hare metal. 
Another hind of cunvsion comes about from strains m □ 
metal; a t L- i'i s of sri'niu are anodic towards unstrained metal, 
and in aircrafL Corrosion of this kind may MU3C crashes. 

Nowadays corrosion is the subject of j great deal of 
Tcscarch. Accelerated corrosion tests are Carried 0U1 in con- 
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prvj^m Kaa train largely 
m1v*i 





Re COv«[ liftsd \:nm n humidify 
cat h-l 'u riiu'.o ihfl n ieij! :e$: 

pi&i^S n»dfl. Ria lafnpernCufe 
in iKitL-abinei is UHUfliiv flboul 
&fi nd VdOilcr i a HvapDidLuiJ 
in lie CHDinatts a iv & n high 
hymiditV- U w: ^ cflbln&lfi vl [hi& 
Kind. ©Kpirimpiitis v*-n 0«r£i*ibn 
car be greatly speeded up, 


tiulltd eftpenuicmal enndmtiER to ^ii'e mfortnvtioik wtlidl 
Otherwise might take- yeart to acquire. ‘J,'cs£ samples of 
metals and their alloys arc stacked, eh humidity cabinets,. JiC 
sprayed with corrosive liquids such as S-llt solution nr dilute 
acid} are subjected CO tolerance rests and are examined- for [lie 
effect of Strain, All these lest* lead ro a new understanding of 
how vonosiem conies abnur, how it is affected by llte ooi)d>- 
tions, and how it can best be prevented, Although it is 
unlfkftly that corrosion will ever he completely overcome, it is 
likely in rile future to be greatly diminished by The use of 
bett&caiTosioii-rcsistarit alloys and tougher piMectives, 


Qtutiitirti 

} I\r1^ ■ i7j.T;on reduces the potent Eidi of mi electrical cell- 

1 And out Tur ymnself w har |Ml.mapnTi is. Will it merea-sc or 
decrease corrosion ? 

2 Why do you Lhink wedding ring’- n r-- 1 made of plJ or 
platinum ? 

3 , Which would you taped to corrode CtWtt: neveiejy- 
Eiitku in oniHACl Wirb irOI)j Of silver m contact with lEGmnun > 
Wh idi metal would be eaten away In v.i -'li case ? 

4 . flow would you protect the following ag^mst conDSion r 
m . Tl w. i;. rdyworlt of an aircraft. 

b. A shipment of miichmcry to the t ropics. 

A solid gold watch* 
d- Iran railings, 
r An underground pipe. 

/'. The stonework of city buildincs. 

;Vn iron ken lc 

16 



Rncanliv 1h a Ufa-* pF GC^iion 
been helped t*v Wm u*s si 

P Outtalk dSfl^puTla^ nuMCMivtinFj 
[prAphl-nUy Ihg ijfkcr n! 

fllectmda poienllaE And pH an 
Chn ■carTwSpn p! s\ mnifll W§ 
PTfililiiHd PourbDlX ilisi^r-arr'i 
LnjIDVy t: r iu-.vi li PH in wmter 
□J £P a C- The diii^rnri on th® 
hnrtCH'. EhiJsVt tKSW Of 

DUBLk 31 K HOdLLtd tlv 

adding irm c r nrpm?is 


i 



;pn ■ - ^kcr-TMim: bek<w Id B 
_k -L« _L 


.A .J. T ..J 

i * nrr 


Wis**p 


Ndrjli-sl minium 



]* 



. 

‘-Vater-drip apparatus to t«ac 
rl"a pi 01 e-il rv* tfiifimfipy 
diFF-orunt cm :r, v srg -or Idontreti 
nfrio plates. Spreading dF ihi 
waiflc is desir*bln in n piC"ROti ! V& 
uqcnl- nnd tea Oil IflyH Oh Hit 
Island pOote -dLJBs :hi= mwh 
L^LIt" Ihjin fHft on? 4>n shfl riQhfL 

■SM 1 . 1 





GHiPfi i\Mf§ 

.j» Li Ed j jf* ri f lH Obm Au ! ,: “- ! - &5£i* H - H Qbuf- 

An ttdrtll? |" Jn Pi'ilri 

MVftV-'W for IfiS j«iilrib»i3 * tiy LL.nfpirN.il* FtaffNm Eteshi 

. •. ^o-msrSi Gfiitfh jirJ C B . L” : 4fl Qtoiwirrdf iiEK Ltirid^fiWl 
^ynrr 'n Brt*a 'l i* ifflrn'Mrrdi.^nii M him- *j £*;[jTi*ii( 3 
e ■■ Juv>.* i tkindai^.n *:9ft5 Puns iidJbtUiMd tee* 

Mild* ‘ Mi] r-r|riBr« in S-*ol Sntair in , Gi» ir-^;r anr* D<r3Ji Limited 

CBSM330 
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Jteslcewj 


: PtfULTLElEJlJD I^rfucci UK £H,*EUT1MI □£ AH ekctnOll CclL 

! ind wrforymindf whuj isiUnsMjm «- Witl ■* Lracn=»c at 

Asrr-aK izaimiiaa ' 


2 Wlnf ito vuu think Holding nop (tnr made of gwld w 

plM^jf TTTTn ) 

■' WhifiJ^fe iykl void! -L- . ■ ■■c-mdf 


fii-ckc I 


in 




V5&S'* i- 


